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(57) ABSTRACT 

In a method of manufacturing a semiconductor device, a 
polysilicon resistance ?lm is directly or indirectly formed on 
a semiconductor substrate. A ?rst insulating ?lm is formed 
on the polysilicon resistance ?lm, and a second insulating 
?lm is formed on the ?rst insulating ?lm. An opening 
portion is formed to pass through the ?rst insulating ?lm and 
the second insulating ?lm to expose the polysilicon resis 
tance ?lm. The ?rst insulating ?lm has an etching rate equal 
to or smaller than Vs of an etching rate of the second 
insulating ?lm. 

22 Claims, 5 Drawing Sheets 
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METHOD OF ETCHING TO FORM HIGH 
TOLERANCE POLYSILICON RESISTORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of manufactur 

ing a semiconductor device, and more particularly to a 
method of manufacturing a semiconductor device in Which 
a resistance layer is formed of polysilicon. 

2. Description of the Related Art 
Many resistance layers are formed in a semiconductor 

device, and a polysilicon layer is used as the resistance layer 
for high integration and high density. As shoWn in FIG. 1, a 
polysilicon ?lm 103 is formed on the insulating ?lms 101 
and 102 formed on a silicon substrate 100 to have a desired 
pattern. An interlayer insulating ?lm 106 is formed on the 
polysilicon layer 103. Contact holes are formed in the 
interlayer insulating ?lm 106 so that Wiring ?lms 107 are 
connected to the polysilicon layer 103. Thus, the resistance 
?lm 103 of the polysilicon is formed. 

It is conventionally knoWn that the polysilicon resistance 
?lms formed thus have a variance in resistance. Amethod of 
suppressing the resistance variance is described in Japanese 
Laid Open Patent Application (JP-A-Heisei 9-232521). 

Also, it is knoWn that the resistance values of the poly 
silicon ?lms have a variance When hydrogen atoms are 
diffused into the polysilicon resistance ?lm. To prevent the 
resistance variance due to the diffusion of hydrogen atoms, 
a technique is knoWn in Which a silicon nitride ?lm is 
formed on the surface of the polysilicon resistance ?lm. 

HoWever, impurity ions Which have been implanted into 
the polysilicon resistance ?lm to decrease a contact resis 
tance are diffused into a resistance region of the polysilicon 
resistance ?lm in a thermal process for the forming of the 
silicon nitride ?lm. As a result, the resistance variance 
occurs. A method of preventing such a resistance variance is 
knoWn in Japanese Laid Open Patent Application (JP-A 
Heisei 9-121024). 

The resistance variance of the polysilicon resistance ?lm 
is also based on a variance of contact resistance. That is, as 
shoWn in FIG. 1, When the contact hole is formed by a 
plasma etching method, an opening portion of the polysili 
con resistance ?lm is cut because of over-etching, so that the 
contact resistance variance occurs. 

Therefore, it is desired that the damage of the polysilicon 
resistance ?lm because of the over-etching in the case of 
forming the contact hole is restrained so that the variance in 
contact resistance of the polysilicon ?lm is retrained. 

SUMMARY OF THE INVENTION 

The present invention is accomplished based on such 
technical problems. Therefore, an object of the present 
invention is to provide a method of manufacturing a semi 
conductor device, in Which a variance in a contact resistance 
of a polysilicon resistance ?lm can be restrained. 

Another object of the present invention is to provide a 
method of manufacturing a semiconductor device, in Which 
a variance in a sheet resistance of a polysilicon resistance 
?lm can be restrained. 

In order to achieve an aspect of the present invention, a 
method of manufacturing a semiconductor device includes: 

forming a polysilicon resistance ?lm directly or indirectly 
on a semiconductor substrate; 

forming a ?rst insulating ?lm on the polysilicon resistance 
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2 
forming a second insulating ?lm on the ?rst insulating 

?lm; and 
forming an opening portion to pass through the ?rst 

insulating ?lm and the second insulating ?lm to the 
polysilicon resistance ?lm. The ?rst insulating ?lm has 
an etching rate equal to or smaller than 1/8 of an etching 
rate of the second insulating ?lm 

The ?rst insulating ?lm is a nitride ?lm, and the nitride 
?lm has a ?lm thickness of 40 A to 200 The ?rst 
insulating ?lm is formed on the polysilicon resistance ?lm 
by an annealing method at a temperature of 600° C. to 630° 
C. 
The second insulating ?lm is one of an oXide ?lm, a BSG 

?lm and a BPSG ?lm. 
When the opening portion is formed, the ?rst and second 

insulating ?lm are etched With the same etching conditions. 
The polysilicon resistance ?lm has a ?lm thickness of 

1500 to 3000 A. 
In order to achieve another aspect of the present 

invention, a method of manufacturing a semiconductor 
device includes: 

forming a polysilicon resistance ?lm directly or indirectly 
on a semiconductor substrate; 

forming an oXide ?lm on the polysilicon resistance ?lm; 

forming a ?rst insulating ?lm on the oXide ?lm; 
forming a second insulating ?lm on the ?rst insulating 

?lm; and 
forming an opening portion to pass through the ?rst 

insulating ?lms the second insulating ?lm, and oXide 
?lm to the polysilicon resistance ?lm. The ?rst insu 
lating ?lm has an etching rate equal to or smaller than 
1/8 of the etching rate of the second insulating ?lm. 

In order to achieve still another aspect of the present 
invention, a method of manufacturing a semiconductor 
device includes: 

forming a polysilicon resistance ?lm directly or indirectly 
on a semiconductor substrate; 

forming a ?rst insulating ?lm through an annealing pro 
cess at a temperature of 600° C. to 630° C. to cover the 
polysilicon resistance ?lm; 

forming a second insulating ?lm on the ?rst insulating 
?lm; and 

forming an opening portion to pass through the ?rst 
insulating ?lm and the second insulating ?lm to the 
polysilicon resistance ?lm. The ?rst insulating ?lm has 
an etching rate equal to or smaller than 1/8 of an etching 
rate of the second insulating ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional vieW illustrating a semicon 
ductor device formed by conventional manufacturing 
method; 

FIGS. 2A to 2G are cross sectional vieWs of a semicon 
ductor device formed by a manufacturing method according 
to a ?rst embodiment of the present invention; and 

FIGS. 3A to 3G are cross sectional vieWs of a semicon 
ductor device fromed by a manufacturing method according 
to a second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

NeXt, a method of manufacturing a semiconductor device 
of the present invention Will be described beloW in detail 
With reference to the attached draWings. 
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First, referring to FIGS. 2A to 2G, the method of manu 
facturing the semiconductor device according to the ?rst 
embodiment of the present invention Will be described. 

As shoWn in FIG. 2A, a ?eld oxide ?lm 101 is formed on 
a semiconductor substrate 100 as an element separation 
region. The ?eld oxide ?lm 101 has the ?lm thickness of 
2500 A to 5000 Thus, an element formation region is 
de?ned. 

As shoWn in next FIG. 2B, after the element formation 
region is de?ned, a ?rst interlayer insulating ?lm 102 is 
formed on the semiconductor substrate 100 and the ?eld 
oxide ?lm 101. The ?rst interlayer insulating ?lm 102 has 
the ?lm thickness of 1000 A to 2000 

Next, as shoWn in FIG. 2C, a polysilicon layer 103A is 
deposited for a polysilicon resistance ?lm 103 on the ?rst 
interlayer insulating ?lm 102 to have the ?lm thickness of 
1500 A to 3000 A. Boron (B) ions are implanted into the 
polysilicon resistance layer to control the sheet resistance. 

Next, as shoWn in FIG. 2D, the polysilicon resistance ?lm 
103 is selectively formed by the PR (photoresist) and a 
plasma etching method. 

Next, as shoWn in FIG. 2E, an oxide ?lm 104 is formed 
on the polysilicon resistance ?lm 103 and the ?rst interlayer 
insulating ?lm 102. The ?lm thickness of the oxide ?lm 104 
is in a rage of 200 A to 1000 

A nitride ?lm 105 is formed on the oxide ?lm 104. The 
?lm thickness of the nitride ?lm 105 is in a range of 40 A 
to 200 When the nitride ?lm 105 is groWn, a loW 
temperature annealing process is carried out. That is, a 
depositing process is carried out at a temperature of 600° C. 
to 630° C. Through the loW temperature annealing process, 
the boron ions are diffused into the Whole polysilicon 
resistance ?lm 103. Also, the damage due to ion implanta 
tion is healed. Thus, the variance in resistance of the 
polysilicon resistance ?lm 103 and contact resistance can be 
reduced. 

The reason Why a high temperature annealing process can 
not be applied is as folloWs. That is, before the formation of 
the polysilicon resistance ?lm 103, a transistor is formed. 
HoWever, a TiSi2 layer of the transistor is made to cohesion 
such that the diffusion layer resistance increases, When the 
high temperature annealing process is carried out. 

Next, as shoWn in FIG. 2F, a second interlayer insulating 
?lm 106 is formed on the nitride ?lm 105. For example, the 
second interlayer insulating ?lm 106 is formed of one of a 
BPSG ?lm, a BSG ?lm and an oxide ?lm. 

Next, contact holes 108 are formed by a PR and a plasma 
etching method to pass through the second interlayer insu 
lating ?lm 106, the nitride ?lm 105 and the oxide ?lm 104 
to the polysilicon resistance ?lm 103. The contact holes 108 
are used to provide electrical connections to the polysilicon 
resistance ?lm 103. 

The condition of the plasma etching method in this case 
is identical for each of the second interlayer insulating ?lm 
106, the nitride ?lm 105 and the oxide ?lm 104. The 
pressure is in a range of 30 to 40 mT, the RF electric poWer 
is in a range of 1000 to 2000 W, and the etching gas is 
composed of C4F8 of 15 to 25 sccm, 02 of 10 to 15 sccm and 
Ar of 500 to 600 sccm. 

The etching rate of the plasma etching method carried out 
in the above condition is as folloWs. That is, the etching rate 
is 6000 to 8000 A/min in the BPSG ?lm, 5000 to 8000 
A/min in the BSG ?lm, 5000 to 7000 A/min in the oxide ?lm 
and 600 to 700 A/min in the nitride ?lm. In this Way, the 
nitride ?lm has an etching rate equal to or less than Vs of any 
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4 
the BPSG ?lm, the BSG ?lm, and the oxide ?lm. The nitride 
?lm 105 exists betWeen the second interlayer insulating ?lm 
106 (composed of one of the BPSG ?lm, the BSG ?lm, and 
the oxide ?lm) and the polysilicon resistance layer 103. 
Therefore, the over-etching of the polysilicon resistance 
layer 103 can be restrained, so that the variance in contact 
resistance can be suppressed. 

Next, as shoWn in FIG. 2G, ?rst Wiring ?lms 107 are 
formed in the contact holes 108 to be in contact With the 
polysilicon resistance ?lm 103. Then, the ?rst Wiring ?lm 
107 is selectively patterned by PR using the plasma etching 
method. 

According to the ?rst embodiment, in the case Where the 
contact hole 108 is formed by the plasma etching method, 
the damage of the polysilicon resistance ?lm 103 due to the 
over-etching to the polysilicon resistance layer 103 can be 
restrained by means of the nitride ?lm 105. Thus, the cutting 
of the opening portion of the contact hole 108 to the 
polysilicon resistance layer 103 can be restrained. As a 
result, the variance in contact resistance of the polysilicon 
resistance ?lm 103 can be restrained. 

Moreover, according to the ?rst embodiment, the variance 
in the layer resistance and the contact resistance of the 
polysilicon resistance layer 103 can be reduced as the result 
of the loW temperature annealing process When the nitride 
?lm 105 is groWn. 

Next, the method of manufacturing a semiconductor 
device according to the second embodiment of the present 
invention Will be described beloW With reference to FIGS. 
3A to 3G. 

As shoWn in FIG. 3A, the ?eld oxide ?lm 101 as the 
element separation region is formed on the semiconductor 
substrate 100. The ?lm thickness of the ?eld oxide ?lm 101 
is in a range of 2500 A to 5000 Thus, the element 
formation region is de?ned. 

Next, as shoWn in FIG. 3B, after the element formation 
region is formed, the ?rst interlayer insulating ?lm 102 is 
formed on the semiconductor substrate 100 and the ?eld 
oxide ?lm 101 to have the ?lm thickness of 1000 A to 2000 
A. 

Next, as shoWn in FIG. 3C, the polysilicon layer 103A is 
formed for forming the polysilicon resistance ?lm 103 on 
the ?rst interlayer insulatin ?lm 102 to have the ?lm 
thickness of 1500 A to 3000 A. Boron ions are injected into 
the polysilicon resistance layer by an ion implantation 
method to control the sheet resistance. 

Next, as shoWn in FIG. 3D, the polysilicon layer 103A is 
selectively patterned by PR (photoresist) using the plasma 
etching method to produce the polysilicon resistance ?lm 
103. 

Next, as shoWn in FIG. 3E, the nitride ?lm 105 is formed 
on the polysilicon resistance ?lm 103 and the ?rst interlayer 
insulating ?lm 102. The ?lm thickness of the nitride ?lm 105 
ranges from 40 A to 200 For groWth of the nitride ?lm 
105, the above loW temperature process is carried out. 

Next, as shoWn in FIG. 3F, the second interlayer insulat 
ing ?lm (BSG ?lm) 106 is formed on the nitride ?lm 105. 
Subsequently, the contact holes 108 are opened the plasma 
etching method to pass through the second interlayer insu 
lating ?lm 106 and the nitride ?lm 105 to the polysilicon 
resistance ?lm 103. The contact hole 108 is used for 
electrical connection to the polysilicon resistance ?lm 103. 
The etching condition in this case is the same as that of the 
?rst embodiment. 

Next, as shoWn in FIG. 3G, the Wiring layer is formed in 
the contact hole 108 to be in contact With the polysilicon 
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resistance ?lm 103. Then, the ?rst Wiring layer is selectively 
patterned by PR and using the plasma etching method to 
produce Wiring ?lms 107. 

According to the second embodiment, like the ?rst 
embodiment, in the case that the opening of the contact hole 
108 is performed by the plasma etching method, damage of 
the polysilicon resistance ?lm 103 due to over-etching into 
the polysilicon resistance ?lm 103 can be restrained by the 
nitride ?lm 105. By this, the cutting of the opening portion 
of the contact hole 108 in the polysilicon resistance ?lm 103 
can be restrained. As a result, the variance in the contact 
resistance in the polysilicon resistance ?lm 103 can be 
restrained. 

Also, according to the second embodiment, since the 
nitride ?lm 105 is formed by the loW temperature annealing 
method, the variance in the layer resistance and the contact 
resistance in the polysilicon resistance ?lm 103 can be 
decreased. 

According to the method of manufacturing the semicon 
ductor device of the present invention, the polysilicon resis 
tance ?lm is formed on the semiconductor substrate, the ?rst 
insulating ?lm is formed on the polysilicon resistance ?lm, 
and then the second insulating ?lm is formed on the ?rst 
insulating ?lm. When the contact hole is formed to pass 
through the ?rst and second insulating ?lms to the polysili 
con resistance ?lm, the over-etching of the polysilicon 
resistance ?lm can be prevented because the etching rate of 
the ?rst insulating ?lm is equal to or smaller than Vs of the 
etching rate of the second insulating layer. The ?rst insu 
lating ?lm is desirable to be a nitride ?lm and the second 
insulating ?lm is desirable to be an oXide ?lm, a BSG ?lm 
or a BPSG ?lm. 
What is claimed is: 
1. A method of manufacturing a semiconductor device 

comprising: 
forming a polysilicon resistance ?lm directly or indirectly 

on a semiconductor substrate; 

forming a ?rst insulating ?lm on said polysilicon resis 
tance ?lm; 

forming a second insulating ?lm on said ?rst insulating 
?lm; and 

forming an opening portion to pass through said ?rst 
insulating ?lm and said second insulating ?lm to said 
polysilicon resistance ?lm, 

Wherein said ?rst insulating ?lm has an etching rate equal 
to or smaller than Vs of an etching rate of said second 
insulating ?lm. 

2. A method according to claim 1, Wherein said ?rst 
insulating ?lm is a nitride ?lm. 

3. A method according to claim 2, Wherein said nitride 
?lm has a ?lm thickness of 40 A to 200 A. 

4. A method according to claim 1, Wherein said step of 
forming a ?rst insulating ?lm includes 

forming said ?rst insulating ?lm on said polysilicon 
resistance ?lm by an annealing method at a temperature 
of 600° C. to 630° C. 

5. A method according to claim 1, Wherein said second 
insulating ?lm is one of an oXide ?lm, a BSG ?lm and a 
BPSG ?lm. 

6. A method according to claim 1, Wherein said step of 
forming an opening portion includes: 

etching said ?rst and second insulating ?lm With the same 
etching conditions. 

7. A method according to claim 1, Wherein said polysiloi 
con resistance ?lm has a ?lm thickness of 1500 to 3000 A. 

8. A method of manufacturing a semiconductor device 
comprising: 
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6 
forming a polysilicon resistance ?lm directly or indirectly 

on a semiconductor substrate; 

forming an oXide ?lm on said polysilicon resistance ?lm; 

forming a ?rst insulating ?lm on said oXide ?lm; 

forming a second insulating ?lm on said ?rst insulating 
?lm; and 

forming an opening portion to pass through said ?rst 
insulating ?lms said second insulating ?lm, and said 
oXide ?lm to said polysilicon resistance ?lm, 

Wherein said ?rst insulating ?lm has an etching rate equal 
to or smaller than Vs of an etching rate of said second 
insulating ?lm. 

9. A method according to claim 8, Wherein said ?rst 
insulating ?lm is a nitride ?lm. 

10. A method according to claim 9, Wherein said nitride 
?lm has a ?lm thickness of 40 A to 200 

11. A method according to claim 8, Wherein said step of 
forming a ?rst insulating ?lm includes 

forming said ?rst insulating ?lm on said polysilicon 
resistance ?lm by an annealing method at a temperature 
of 600° C. to 630° C. 

12. A method according to claim 8, Wherein said second 
insulating ?lm is one of an oXide ?lm, a BSG ?lm and a 
BPSG ?lm. 

13. A method according to claim 8, Wherein said step of 
forming an opening portion includes: 

etching said ?rst and second insulating ?lm With the same 
etching conditions. 

14. A method according to claim 8, Wherein said poly 
soilicon resistance ?lm has a ?lm thickness of 1500 to 3000 
A. 

15. A method of manufacturing a semiconductor device 
comprising: 

forming a polysilicon resistance ?lm directly or indirectly 
on a semiconductor substrate; 

forming a ?rst insulating ?lm through an annealing pro 
cess at a temperature of 600° C. to 630° C. to cover said 
polysilicon resistance ?lm; 

forming a second insulating ?lm on said ?rst insulating 
?lm; and 

forming an opening portion to pass through said ?rst 
insulating ?lm and said second insulating ?lm to said 
polysilicon resistance ?lm. 

16. A method according to claim 15, Wherein said ?rst 
insulating ?lm is a nitride ?lm. 

17. A method according to claim 16, wherein said nitride 
?lm has a ?lm thickness of 40 A to 200 A. 

18. A method according to claim 15, Wherein said second 
insulating ?lm is one of an oXide ?lm, a BSG ?lm and a 
BPSG ?lm. 

19. A method according to claim 15, Wherein said step of 
forming an opening portion includes: 

etching said ?rst and second insulating ?lm With the same 
etching conditions. 

20. A method according to claim 15, Wherein said poly 
soilicon resistance ?lm has a ?lm thickness of 1500 to 3000 
A. 

21. A method according to claim 15, further comprising 
forming an oXide ?lm on said polysilicon resistance ?lm, 
said ?rst insulating ?lm being formed on said oXide ?lm. 

22. A method according to claim 15, Wherein said ?rst 
insulating ?lm has an etching rate equal to or smaller than 
Vs of an etching rate of said second insulating ?lm. 

* * * * * 


